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common sites include ribs, spine and wrist, the most notable consequence is fracture of the hip. This is associated with an increased mortality of 30% over the year following injury 2 commonly due to increased risk of DVT and pulmonary embolism. The financial burden is also high with average treatment cost for hip fractures approaching £12,163 per patient. 3 It is thought 2% of men and 3% of women will have suffered a hip fracture by the age of 75. 4 Changes in BMD also have an impact upon oral health. There is considerable variation in the BMD of trabecular and cortical bone of the mandible among individuals. 5, 6 Osteoporosis may have an impact upon this variation. Using a variety of methodologies, a number of studies have demonstrated significant relationships between jaw measurements (bone mass, bone mineral content, BMD) and those at other skeletal sites. [6] [7] [8] [9] [10] [11] [12] [13] Thus there is a strong argument that osteoporosis and osteopenic states may have a negative influence upon the bone quantity and quality of the mandible and maxilla. 14 Indeed it is possible to use mandibular cortical width measurements on dental panoramic radiographs as a
INTRODUCTION
Osteopenia is a condition caused by a progressive reduction in bone mineral density (BMD). There is an alteration of the bone micro-architecture. When a patient's BMD decreases to or below 2.5 standard deviations under the mean peak bone mass that person is classified as osteoporotic. The condition affects one in three postmenopausal women and one in five men over the age of 50. Across both sexes there is a decline in BMD over the age of about 50 years. 1 In females this is more pronounced with a reduction of circulating oestrogen following the menopause. The result of this reduction in BMD is a greater likelihood of bone fracture. Though Background Osteopenia and osteoporosis are conditions characterised by a reduction in bone mineral density. There is contradictory evidence whether osteoporotic patients have greater tooth loss than non-osteoporotic patients. Objective To investigate the association between tooth number and osteoporotic status, taking into account the effect of other confounding variables such as age, smoking status, alcohol consumption and the use of hormone replacement therapy. Setting Three hundred and fifty-nine patients were recruited from the Manchester region between March 2008 and June 2010. Subjects and methods Data were collected on osteoporotic status, smoking status, alcohol consumption, age and the use of hormone replacement therapy. Dental panoramic tomographs were taken for each patient and the teeth present were charted and counted. Data were analysed using SPSS software (version 19). Results Complete data was available for 333 patients. Twenty-seven percent of individuals (90) were classified as osteoporotic. There was a significant relationship between molar tooth number and osteoporotic status (p = 0.017, 95% CI −1.339 to −0.137). Conclusion Clinicians should inform osteoporotic patients they may be at greater risk of tooth loss and instigate more intensive preventive regimens for these individuals.
screening tool for skeletal osteoporosis. 15, 16 If osteopenic and osteoporotic conditions influence the bone mineral content of the mandible and maxilla then this may be most obvious in those who are edentulous. 17, 18 Kribbs et al. failed to demonstrate a correlation with skeletal osteopenia and residual ridge reduction but there was a relationship demonstrated between osteopenia and residual ridge density, particularly in the edentulous mandible. 19 Other authors 13, 20 have found a reduction in the alveolar ridge height in patients with reduced BMD but periosteal resorption and a change in the external dimensions of bone are not a characteristic features of osteoporosis.
In dentate patients there have been further studies that indicate osteoporosis may be linked to tooth loss. Astrom et al. demonstrated a correlation between tooth loss and hip fracture incidence. 21 This retrospective study was based on the known correlation between hip fracture and osteoporosis. In this study no formal examination was made of patient's BMD or osteoporotic status and their dental status was arbitrarily classified into many teeth, moderate tooth loss and considerable tooth loss. • Raises awareness of osteoporosis among general dental practitioners.
• Highlights the impact of osteoporosis upon oral health must be considered by general dental practitioners.
• Demonstrates greater molar tooth loss in osteoporotic patients.
• Suggests practitioners should warn osteoporotic patients of this and instigate more intensive preventive regimens.
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Drozdzowska et al. 22 also demonstrated a correlation with tooth count and hip BMD though the numbers recruited were small. May et al. 23 performed a study on 1,482 patients. All patients were sent a questionnaire and brought in for skeletal BMD assessment. An association was shown between tooth loss and BMD in men but the results of this study are undermined by the self-reported nature of the questionnaire format. In a large multi-centre study of 650 patients, of whom 140 were classified as osteoporotic, a significant correlation was demonstrated between tooth number and osteoporotic status after accounting for age and smoking status. 24 The primary aim of this study was to assess whether there is a relationship between the osteoporotic status of patients and the number of their teeth. Age, smoking status, alcohol consumption and the use of hormone replacement therapy are known in the literature to affect tooth number and were also included as explanatory variables in the regression model. The secondary aim was to assess whether molar teeth are disproportionately affected in the osteoporotic patients.
MATERIALS AND METHODS
The study lasted two years and three months, with patient recruitment commencing in March 2008 and ending in June 2010. The patients' examinations were performed within two months of recruitment so that the data collection period was completed in August 2010. This was a cross-sectional study of volunteer subjects recruited from Manchester (UK) and the surrounding regions.
Participants
The eligibility criteria for the study were: female, aged between 45-68 years inclusive and who had undergone a dual energy X-ray absorptiometry (DXA) scan of the proximal femur and lumbar spine in the previous three months at one of two hospital sites. Patients were initially identified from the databases held at both hospitals. The exclusion criteria were: individuals who had a medical condition that made it impossible for them to brush their own teeth (as in stroke, paralysis etc), leukaemia, diabetes, chemotherapy and those taking intravenous bisphosphonates. If patients fulfilled the inclusion and exclusion criteria they were sent an information leaflet and were invited to participate in the study. Ethical approval was granted (Number 07/Q1402/58) and informed consent obtained.
DXA scans of the lumbar spine and proximal femur were performed on one of three scanners located in two hospitals: two Hologic Discovery scanners (Hologic Inc., Bedford MA, USA) or a GE Lunar Prodigy (GE Healthcare, Waukesha WI, USA). Measurements of BMD and T scores were recorded for L1-L4, femoral neck and total hip. As the patients were measured on three different scanners it was necessary to cross-calibrate the patient data. To allow cross-calibration the European Spine Phantom (ESP) was used on each scanner at the start and end of the study period. Measurements from the ESP were used to standardise measurements between different manufacturers' scanners using the method described by Pearson et al. 25 T and Z scores were calculated using Hologic reference data for the lumbar spine and NHANES reference data for the proximal femur. 26 Subjects were defined as having osteoporosis when they had a T-score of −2.5 or lower at any one of the sites measured.
The patients were allocated a unique patient identifier to remove all patient identifiable information. Information was gathered on patients' age, smoking status, alcohol consumption and whether they were on hormone replacement therapy or not. The FRAX system for risk analysis of exposure status for alcohol consumption and smoking status was used. Using the FRAX system, patients are categorised as either smokers or non-smokers and alcohol consumption is classified as 3 or more units of alcohol per day or alternatively less than this. 27 All patients received a dental panoramic radiographic examination using a Planmeca PM2002CC (Planmeca Oy, Helsinki, Finland), Kodak GP Storage Phosphor Screens (Carestream Health Inc, New York, USA) and a Direct View CR850 digital processor (Carestream Health Inc, New York, USA). The radiographs were stored on an encrypted hard drive. Each radiograph was reviewed by an experienced clinician blind to the osteoporotic status of the patients. The clinician (JD) had been calibrated with another member of the study design team (HD). The following information was gathered.
• Total number of teeth • Total number of maxillary teeth • Total number of maxillary incisors, canines, premolars and molars • Total number of mandibular teeth • Total number of mandibular incisors, canines, premolars and molars.
The presence of implants was recorded. Impacted teeth were not included in the analysis. Retained roots were included in the analysis.
Sample size calculation
The study reported here formed a part of a larger research project focused on the impact of osteoporosis on periodontal health. The prevalence of severe periodontal disease in those aged 40-70 years in the general community is about 10-20%.
28,29 A sample size of 540 patients was calculated to detect a difference of 10% in periodontal disease prevalence between osteoporotic and control groups with 80% power and a 5% significance level. This 10% represents the difference in the prevalence of severe periodontal disease of 15% in the non-osteoporotic group and 25% in the osteoporotic group.
STATISTICAL ANALYSIS
Once the data was captured the osteoporotic status of the patients was recorded and the data inputted into the Statistical Package for Social Sciences (SPSS Inc, Chicago, Ill, USA). Multiple linear regression analysis was undertaken for both primary and secondary outcome measures (tooth number and molar number, respectively) with the predictors being osteoporotic status, age, smoking status, alcohol consumption and the use of hormone replacement therapy (analysis including all potential covariates). Statistical significance was set at 0.05. Casewise diagnostics were performed on outliers.
RESULTS
Recruitment of 398 subjects was achieved during the course of the study. Of these, DXA data were accessible for 380. Dental radiographic and clinical information was available for 359 patients but, of these, radiographs of two subjects were non-diagnostic and thus discarded. A complete set of DXA data, clinical information and dental radiographs were available for 333 subjects, of whom 90 (27%) were classified in the osteoporosis group and 243 (73%) as having normal BMD. Table 1 shows the characteristics of the two groups.
Tooth number and osteoporotic status
The total number of patients for analysis was 333. Significant negative correlations were found between: osteoporosis and tooth number (Pearson correlation coefficient −0.112: p = 0.02), tooth number and smoking status (Pearson correlation coefficient −0.109: p = 0.023) and age and tooth number (Pearson correlation coefficient −0.243: p = 0.0001). The R square value was 0.082. The R square change value was 0.005. This was not significant (F change = 0.852: p = 0.427). The F-ratio was stronger when smoking and age were included in the regression. When assessing the unstandardised coefficients osteoporotic status alone was not a significant predictor of tooth number (unstandardised coefficient −0.740: p = 0.171, 95% confidence interval (CI) for the regression coefficient (RC) −1.801 to 0.321). In all analyses collinearity indicated no significant bias (eigenvalue 0.470, condition index 2.566). Six cases were highlighted as outliers. Cooks distance, centered leverage values and Mahalanobis distance did not demonstrate any significance to these anomalous outliers. See 
Molar number and osteoporotic status:
The total number of patients equalled 333. Significant negative correlations were found between: age and molar number ( 
Summary of the data:
When analysing the total number of teeth and osteoporotic status, positive osteoporotic status, increasing age and positive smoking status were all shown to be significantly correlated with reduced tooth number. When the regression technique was used osteoporosis was no longer a significant predictor of tooth loss. When analysing the total number of molars, a positive osteoporotic status, increasing age and positive smoking status were all shown to be correlated with reduced molar number. When the regression technique was used osteoporotic status remained a significant predictor of molar tooth loss. In this analysis the influence of osteoporosis status, though significant, remained small: there are other more influential factors associated with molar tooth loss that were not accounted for in this study. In both analyses the data was demonstrated to be normally distributed and free of significant bias. The regression model demonstrated a significant association between osteoporotic status, age, smoking and molar tooth number. However, R square for the multiple linear regression indicates this model of variables (age, smoking status, osteoporotic status, HRT and alcohol consumption) accounts for only 12% of molar tooth loss variance. Again, the magnitude of these correlations demonstrates other variables exist to explain tooth loss.
There are limitations within this study that should be recognised. Firstly the study was known to be underpowered. Recruitment was less than the original power calculation recommended. This was a single centre study so extrapolation to a wider population must acknowledge this. Similar studies have used a multicentre approach with data collection from multiple countries. 24, 30 Furthermore, cross sectional studies with this design only show prevalence data regarding exposures and disease. As osteoporosis is a chronic disease it is likely that those with the condition in this cohort may have had it for some time. Conversely, others may not. It is thus more difficult to establish and assess the impact of disease history upon the outcome measures. Prospective longitudinal studies would allow a more accurate assessment of causality accounting for known covariates. Such studies are often prohibitively complex in both design and cost.
A further criticism pertains to completeness of data. Regression analysis did not, however, pick up any significant bias in the data. Histograms, normal P-P plots and scatterplots all indicated the data to be normally distributed, a prerequisite for multiple linear regression. Outlying data were analysed to determine if they had an influential effect on the results. Casewise diagnostics allowed the researchers to go back to the data and assess these cases individually. No anomalies were detected. Several cases also had incomplete data. There were two radiographs that were non-diagnostic and missing data on osteoporosis exposure status for 22 patients. A further two patients had incomplete data on HRT status. The regression modelling does not account for missing data and thus we must acknowledge this when considering the outcomes as it may weaken the resultant significance. The total number of subjects for the regression analysis was 333.
The data on exposure status is subject to limitations. The FRAX system uses a categorical measure of smoking status and alcohol consumption. 27 Both these risk factors have been demonstrated to be dose dependent in their effect upon osteoporotic disease patterns. 31, 32 It could therefore be argued that such simple categorical data capture may not carry sufficient information for meaningful calculation of effect size. It is, however, important to realise that self reported information upon smoking status and alcohol consumption are invariably open to responder bias, often underestimating the true value. Simple closed categorical questions may be more likely to encourage truthful responses.
The influence of osteoporosis upon the micro-architecture of bone in the mandible and maxilla is well supported in the literature [6] [7] [8] [9] 33 but the precise pathophysiology of this relationship has not, however, been ascertained. The relationship is difficult to establish owing to the influence of confounding factors such as age, smoking status, race, menopausal age, oral hygiene and hormone intake. 34 Several studies have indicated that reduced skeletal BMD is associated with premature tooth loss. 24, 33, [35] [36] [37] [38] [39] [40] Such patterns of tooth loss may be correlated with periodontal attachment loss/disease and osteoporotic status. 6, 33, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Osteopenic conditions may predispose to clinical attachment loss. The model, as proposed by Genco and Grossi 51 is based upon the elevated levels of cytokines associated with postmenopausal oestrogen deficiency. A deficiency in oestrogen leads to an upregulation of macrophages and osteoblasts, which in turn produces inflammatory mediators such as interleukins, TNF alpha and granulocyte-macrophage colony stimulating factor. This results in a generalised increased bone collagen destruction and bone resorption. Interleukin 1B has been demonstrated to be integral to the resorption of periapical and periodontal dental hard tissues. 52 Yoshihara et al., however, found a weak correlation between BMD and periodontal disease. 43 This has been supported by other studies. 6, 53 A second explanatory model addresses the influence of oestrogen upon bony remodelling and osteoclast function. Oestrogen has been shown to upregulate osteoprotegrin. Osteoprotegrin inhibits receptor activator of nuclear factor kappa B ligand (RANKL) and this is known to reduce alveolar bone breakdown. 54 RANKL is liberated from osteoblasts and stromal cells and interacts with receptors in macrophages and monocytes inducing fusion of these cells to become osteoclasts. RANKL expression can be stimulated by interleukin 1B. 55, 56 As noted previously interleukin 1B has an established role in periodontal alveolar breakdown. 52, 57 Thus it could be postulated that accelerated periodontal breakdown in osteoporotic patients possibly arises from a combination of elevated inflammatory responses and locally increased resorptive potential.
The significance of osteoporotic status upon molar number must also be considered. Taguchi et al. found a significant difference in BMD at the third lumbar vertebrae and posterior tooth loss. 38 In this investigation posterior teeth were defined as premolars and molars. The authors speculated this may be correlated with increased occlusal forces rather than periodontal disease. Further studies have demonstrated this correlation in resistance to mechanical loading and BMD. 58, 59 Thus, reduced bone mass and the greater occlusal forces associated with posterior teeth has been suggested as a possible explanation for increased molar loss. 38 Furthermore, teeth with furcational involvement are at a significantly greater risk of premature tooth loss. [60] [61] [62] [63] Therefore one may expect more multi-rooted teeth to be lost in patients with osteoporosis if there is a correlation between periodontal disease and osteoporosis.
There have, however, been studies that fail to show correlations between osteoporotic status and tooth number. 23, 64, 65 Bollen et al. 66 investigated the association between osteoporotic fracture and tooth loss. Once confounding factors have been accounted for they found no association between either tooth loss or changes in alveolar height and fracture history. This is based on the assumption that osteoporotic status can be derived from a positive fracture history, but a reduced BMD, as a result of osteoporosis, is only one risk factor for fracture. In a larger multi-centre study of early post menopausal women, Earnshaw 30 found no association with BMD and tooth loss. Their results were based on Chi Square calculations and not regression analysis; which is known to be a less powerful statistical technique. Furthermore mean tooth number was not used, rather a grouping classification of tooth loss as described by Anstrom et al.
21
CONCLUSION
There is a significant correlation between tooth loss and osteoporosis, but the strength of this correlation is weak. It is more probable that local and other systemic factors exert greater influences upon tooth loss. There is a statistically significant relationship between molar loss and osteoporotic status.
Implications for research
Evidence for a correlation between osteoporosis and tooth loss remains equivocal. Further multi-centre studies are required to investigate the oral impact of osteoporosis.
Implications for practice
Clinicians should inform patients diagnosed as osteoporotic that they may be at greater risk of losing molar teeth in the future. These patients should be reviewed more frequently and their oral hygiene measures reinforced so as to prevent tooth loss.
